INTRODUCTION
Document image retrieval (DIR) is an approach to detect identical or similar document images for a given query in a database [5] . The impetus is to have a paperless world, so processing a large number of document images requires efficient document image retrieval methods using discriminative features. The retrieval process using appearance-based features of a document image instead of the content of the document image is called a recognition-free approach. These approaches usually do not recognize the textual part of a document; in contrast, the retrieval process is based on the similarity of documents [3] . Different similaritybased DIR methods have been developed in the literature. The DIR methods have been grouped into different categories including layout structural similarity using visual features [1, 2] ; page layout similarity using graph and XY-tree representation [3, 4] ; signature-based methods and shape coding [5] ; object recognition [6] ; and density distributions using bag-of-visual-words features [7] . These methods usually have some notable difficulties, as the documents should have structured layouts or uniformity.
Texture is one of the important features that can show intensities in an image or in the selected region of an image. Moreover, important information about the structural arrangement and their relationship to the adjacent area can be provided using texture features [8] . Texture features represent the images in a simple but a unique form; therefore, they can be effectively employed for classification and retrieval problems. Thus, many researchers from the document image analysis (DIA) community have used various texture features in different applications, such as segmentation, layout analysis, and recognition of different document analysis systems [9] [10] [11] . The texture analysis approaches are usually grouped into different categories such as: a) statistical approaches, which consider the relationship between the greylevels of an image and do not try to understand the hierarchical concept of the texture; b) structural approaches, which consider the hierarchy of spatial arrangements of the texture besides the well-defined textural elements; c) modelbased approaches, which try to interpret an image texture using fractal and stochastic models, as well as an empirical model of each pixel generated in the image; and d) transformbased approaches which are related to the characteristics of a texture and can convert the image into a new form and domain [13, 14] .
To retrieve pictures in historical documents texture approaches have been applied in [9] . From different parts of a page at different resolutions, five features related to frequencies and orientations have been considered for retrieval purposes. In [10] , characterization of the content of a document image has been carried out without considering the structure and characteristics of treated pictures. Measurement of the similarity of documents to a query image based on query-by-example has been computed. Texture features such as visibility and complexity have been provided to determine the visual similarity of document images. For the segmentation and classification of document images texture approaches have also been considered in [12, 17] . Text and graphic content have been characterized in two different textures in the documents. A better classification performance has been provided using supervised segmentation when supervised and un-supervised segmentation schemes have been considered [17] . In [16] , the discrete wavelet transform has been applied due to the multi-resolution analysis properties of the method. By applying the spectral-based retrieval model an overall document score based on magnitude and phase, which were used for occurrence and position of the terms in the pattern, have been obtained. In [18] , the wavelet transforms and texture features were used for off-line signature verification. A grey level co-occurrence matrix (GLCM) has been applied to the details coefficients matrices, which were generated using the wavelet transform.
To the best of our knowledge, little attention has been paid to texture features for document image retrieval. In this paper the efficiency of two different texture features along with classifier fusion for document image retrieval is investigated. This study attempts to present a DIR method using texture 978-1-5090-2748-4/16/$31.00 ©2016 IEEE features, which are conceptually simple and easy to implement. Texture in text regions and non-text regions are generally different in the document image, therefore texture analysis can likely be an efficient feature extraction technique for document image retrieval [12] . For these reasons, two methods from different groups of texture analysis, which are efficient texture features due to their high performance in the literature, are considered [15, 16] . First, the local binary pattern method, which is a statistical approach and summarizes local grey-level structure, is considered. Second, wavelet transform, which is a transform-based approach and generates under-sampled images, is employed. As a result, for each document image two feature vectors are obtained. The similarity distances between each of the two feature vectors extracted for a given query and the feature vectors extracted from the document images in the training step are computed separately. In order to use the properties of both features, a classifier fusion technique using the average fusion is then applied. The document images are finally ranked based on the greatest visual similarity to the query obtained from the fusion similarity measures. The Media Team Database is considered for evaluating the proposed method.
The rest of this paper is organized as follows. In Section II, the proposed approach for document image retrieval is explained. Section III is devoted to experimental analysis based on the texture feature methods, which are applied to document image retrieval. Finally, conclusions and future work are presented in Section IV.
II. PROPOSED APPROACH
The steps involved for document image retrieval in this research work are demonstrated in Figure 1 . The proposed approach includes two phases, training and testing. In the training phase, initially, the texture features are extracted from the whole document image by applying the local binary pattern method and the wavelet transform separately, without considering any pre-processing or segmentation methods. The features which are extracted using two different methods from the training document images are then kept as knowledge based information. In the testing phase, for a given query image, the same feature extraction techniques used in the training phase are employed to characterize the query image. Similarity distances between the features, extracted from the query image and the knowledge-based information obtained during the training phase are computed for each feature. Next, in order to combine impact of both feature extraction techniques, classifier fusion with the average function by giving different weight to each similarity measure is considered. Finally, the relevant image(s), which have maximum visual similarity to the query image, are retrieved accordingly.
A. Feature Extraction
Texture approaches have been used in computer vision and pattern recognition problems in the literature including face recognition and remote sensing [19] [20] [21] . In this research work texture feature, particularly, the local binary patterns (LBP) and the wavelet transform are considered as feature extraction methods.
1)
Local Binary Pattern
The local binary pattern texture feature [15, 23] has received a great deal of attention for various computer vision problems and has shown its efficiency in different applications [19] [20] [21] [22] . The LBP method has powerful discrimination, low computational complexity, and less sensitivity to changes in illumination [24] . In [23] , the LBP method has been introduced as a means of summarizing local grey-level structure. In each image (I), the patch on a circle with a radius of (R) and difference between the grey values of a centre pixel (C) and the grey values of its neighbourhood (N), have been considered. output values which correspond to the different binary patterns. It produces a binary pattern based on the surrounding pixels. When the number of transactions between 0 and 1 of the sequence is less than or equal to two, a binary pattern is called uniform, which is an important concept in the LBP. However, there is a similarity between LBP operators and since they form a circular chain [23] .
In each patch the central pixel value has been considered as a threshold for that particular patch. Furthermore, the result of the binary valued image patch, as a local image descriptor, is placed in the central pixel. Thus, the LBP operator result has been made a rotation invariant, performing n -1 bitwise shift operations on the binary pattern and can be depicted as:
Here n includes the neighbours of the central pixel c, and are the grey-level values at c and n. Let S represent a matrix of 3*3 whereby neighbour pixels are indexed.
The LBP results which are shown in Table I are based on In the previous investigation, better results are obtained from compared to other varieties of LBP methods. Thus, in this paper only the method is considered.
2) Wavelet Transform
The wavelet transform method is a progressive method of signal and image analysis which can decompose the signal with finite energy in the spatial domain. The wavelet transform has been applied already for image analysis, remote sensing, noise removal [25] [26] [27] , and the text retrieval method [16] . The hypothesis is that, by generating under-sampled images or in other words, applying a multi-resolution theory [28] using the wavelet transforms, the retrieval results can be augmented. The reason is, some features which are unobserved in one resolution can be observed or detected in other resolution. In this regard, the image pyramids, sub-band coding and the Haar transform are the imaging-related operators, all associated with multi-resolution analysis. Thus, the Haar transform [28] which is the simplest known orthonormal wavelet is selected for this research work [29] .
Wavelet transforms are based on small waves called wavelets. A wavelet is defined by a function where satisfy , and has limited length and varying frequencies.
Feature extraction using the wavelet transform requires the calculation of the coefficient distribution over the mother wavelet [18, 30] . The mother wavelet , translated by u and scaled by s can be represented as: (4) The continuous wavelet transform , is not helpful in practical application and our interest is to extract a new set of features based on the discreet wavelet transform (DWT) coefficients. . An arbitrary signal of finite energy using an orthonormal wavelet can be written as: (6) where an expansion coefficient has been given by:
By applying a separate filter bank to the image the twodimensional discrete wavelet transform is computed [30] :
(10) (11) where H and G are a low pass and high pass filters, and '*' denotes the convolution operator; 2,1 ( 1,2) denotes subsampling along the rows (columns); and is referred to as the low resolution image at scale .
The equations (8-11) generate an approximation coefficients matrix which comprises a coarse summary of the original image and three details coefficients matrices, in which during decomposition, some data are lost. Subsequently, a hierarchy of these images can be generated when this process is applied iteratively to the approximation images. Using three detail images, grey-level variation or functional variation intensity of the images in different direction is measured. The directional sensitivity is a significant feature of the detail images (horizontal, vertical, and diagonal) which are generated by filtering in a specific direction at scale . Therefore, these under-sampled images are more relevant in order to characterize the features from document images. Figure 2 shows an example of the approximation coefficients and details coefficients matrices which are obtained from a sample document image. 
B. Creation of Knowledge-based Feature
The global features and a global representation such as a histogram of a document image are provided using the LBP method. The feature histogram contains 59 bins when is applied for characterizing the document image. As a result, a feature vector of size 59 is extracted based on the LBP feature extraction method.
The wavelet transform that can generate multi-resolution images is employed at this level. From each resized image (140*90), three details coefficients matrices (DCM) of size (71*45) with wavelet decomposition are created. Then, variances of each matrix are extracted column-wise and concatenated. For more efficiency the energy from each DCM also added to the feature vector. As a result (3*45) +4= 139 features are obtained. By doing so, more information from the image can be preserved in the training phase for creation of the knowledge-based features to be used for the retrieval purposes.
C. Similarity Measure and Fusion Strategy
To measure the similarities between a query image and the knowledge-based features obtained from the trained samples, the nearest neighbour-based methods are considered. In the literature nearest neighbour methods demonstrated good results for documents with complex layouts [31] . Different similarity measures have been used in the literature for computing similarities between a given query and document images in the training database. In this research work we used the Tanimoto distance based method [32] as we obtained better results compared to the Euclidean distance in both feature extraction methods. To compute the similarity measure based on the Tanimoto distance measure the following equation is used: (12) where is the distance between feature vectors A and B, and A and B are the feature vectors extracted from a query and a document image from the database, respectively, and p is the number of features in the feature vector.
When a query is given to the system, the distance of a query image and all the trained documents are computed individually according to each feature extraction method, using the Tanimoto distance. Since various feature sets are generated using different applied methods and the intention is not to depend on a single decision, classifier fusion is considered for making the decisions by combining the individual opinions. So, in order to have the properties of both methods for better decisions, classifier fusion [33, 34] is applied in this step. In other words, classifier fusion is used to obtain more efficient and accurate results. Combining classifiers basically can occur in two situations. In the first scenario, different classifiers used the same feature set for classification. In the second scenario, different feature sets can be employed using a specific classifier for classification to analyse the behaviour of different features for classification using a classifier. The emphasis of the proposed method is to consider the second situation which feature sets provided by LBP and wavelet transform separately and nearest neighbour with Tanimoto distance is employed for finding the minimum distance. For considering the posterior probability such as (13) where b is the number of classifiers, a varies from 1 to the number of samples used for training and F stands for the minimum, maximum, average, median, or majority vote as the fusion function. Since the average function performed more accurate retrieval results among the other functions, the average function is chosen for the proposed method. If the output of classifier for a sample a is the average fusion method provide . The distances which are obtained using LBP and the wavelet transform features for a given query image and the training sample a are hereafter, respectively, called and . In this research work, we proposed to use a weighted average function for combining the classifiers as follows. (14) where and are the corresponding weights for the distances computed based on the classifiers. These weights are decided by experiment and fixed as and . Though, changing the value of weights could provide small variations in the results. The computed new distances based on weighted average function are further sorted in the descending order to rank the distances. The most similar image with highest similarity distance is then selected to represent the most similar image in the training database to the given query.
III. EXPERIMENTAL ANALYSIS

A. Database and Evaluation Metric
The Media Team Document Database (MTDB), which is comprised of heterogeneous document images, was considered to evaluate the proposed technique [35] . Numerous types of scanned documents such as address lists, advertisements, articles, business cards etc. are available in the database. There is a great diversity of page layout and contents in the database, in addition to unbalanced data in each class. Each document has a high-resolution, lowresolution and thumbnail size resolution image available in the database, whereby all the resolutions are considered for testing purpose. In our experiments, we focused on eleven of nineteen predefined classes from the MTDB that contain mainly text documents. The other 8 classes were not considered, as only a few samples (2 documents in the class) are available in the database and the samples are graphics type (music notes and maps).
Different experiments considering different training and testing sets were performed. The training and testing sets do not have any overlapping in the experiments. Only one sample from each group of document images was selected for training the proposed retrieval method. As a result, in each experiment only 154 images were considered for training and the remaining 1168 images were taken into account for testing. We chose different resolutions of the images for the training of the system in each experiment. The results obtained based on different features and the proposed fusion strategies are demonstrated in Tables I, II, and III. The evaluation of the system is performed based on the results obtained from the proposed method considering the first (Top-1) Top-3, Top-5, and Top-10 similar documents to a query document image.
B. Results and Discussion
The MTDB includes three resolutions of document images. Therefore, the system is trained separately by three different resolution images each time to see the effect of image size and resolution on texture features for retrieval purposes. Considering that in all the experiments, only 11.6% of the data is taken for training. Among the LBP methods with different (N, R) which are applied for feature extraction, we noted that the method provides better results. Thus, only the results obtained from method are listed in Table I . In Table I , it can be noted that by considering highresolution document images for training, the method provides a correct document retrieval of 57.2% when only the top one similar document images to the queries are considered for evaluation. Retrieval accuracy increases to 69.4% in the Top-10 similar document images to the query image.
The results obtained from the wavelet transform features are shown in Table II . It is interesting to note that lowresolution document images for training provide a 62.1% accuracy, which is a better result compared to high-resolution images that provide 61.5% retrieval accuracy in the first top similar document to the query images.
One of the advantages of the wavelet transform is the ability to generate multi-resolution images, which can be helpful for retrieval in this research work. So, this technique provides better results compared with the LBP method which only considers grey-levels of the pixels for the retrieval procedure. Applying classifier fusion and giving weight to the classifiers, in order to have a more accurate retrieval system can be noted as a contribution of this work. In one part, the LBP method as a statistical texture feature provides global features and a global representation of a document image by means of a histogram. In other part, the wavelet analysis as a transform-based method, generate the multi-resolution images. The wavelet transform can be estimated and reduce the global influence of grey-level variation. Considering the advantages of both the methods, the obtained results based on the proposed method has shown better retrieval accuracy. The results obtained using classifier fusions are illustrated in Table III . By looking at Table III , it can be noted that low-resolution images used for training provide a 65.4% accuracy in the first top similar document to the query. Nonetheless, this system in the Top-10 images could achieve 91.8% accuracy, which is a promising result. Figure 3 illustrates that the retrieval results using classifier fusion provide a higher level of accuracy in the three resolutions.
The results of the method were compared with the results of the proposed method using both and wavelet features. It can be seen that, in the first top samples, using high-resolution, low-resolution, and thumbnail size training set, 6.8%, 29.2% and 9.5% improvements, respectively, were occurred when proposed method were applied. By comparing the results of wavelet transform with the results of proposed method, using high-resolution, low-resolution, and thumbnail size training set, 2.5%, 3.3% and 7.7% enhancement, respectively, were occurred when proposed method were applied. These progresses can be observed in Figure 3 for all the results. Since proposed method considered the advantage of both the method, the results are improved compared to each one of the method. Regarding computation time complexity, the proposed system is applicable for real scenario.
The investigation shows that when the LBP feature is applied to the DIR system using high-resolution images for training, better results are achieved compared to thumbnail size images. The reason is that, in high-resolution images enough information can be extracted to characterize the image and hence better retrieval results are obtained. Another interesting point of these experiments is the sudden increment of the results in low-resolution images when wavelet transform is applied to the system. It can be clarified that the DWT is a highly efficient decomposition method for signals and images. This property is taken into account to have multiresolution images, which can be generated from an image. Accordingly, texture features, which are undetected in one resolution, could be detected from other resolution of the images. Since different resolutions of a document are available in the MTDB for testing the proposed system, DWT could provide richer feature information to be used for document retrieval. 
C. Comparative Analysis
In [11] , the MTDB has also been used for classification of documents based on transform-based methods. The wavelet transform based features and SVM classifier with the ratio of 1:1 for training and testing, in the case of text-only images, could provide 25.4% correct classification accuracy. For hybrid images an accuracy of 45.3% has also been recorded. The accuracy of 65.4% was obtained using our proposed method. This may not be an overall equivalent comparison of the results with our proposed method, since the whole database is divided into three types for evaluation. However, one of the benefits of the proposed method in this research work relates to the encouraging results attained on heterogeneous and complex databases, such as the MTDB. Moreover, more attention has been paid to structured documents for the retrieval procedure in the literature of DIR [1, 2, 6, 36, 37] , whereas in this research work heterogeneous document images were used for document retrieval.
IV. CONCLUSIONS AND FUTURE WORK
A document image retrieval method based on two different categories of texture features is studied in this paper. Firstly, the spatial arrangements of the grey-levels of the pixels in a patch of an image are described and the patch moves over the image to extract the texture features for measuring the similarity. The variances of multi-resolution images which are generated using the Haar wavelet transform are then described. It can be noted that, considering undersampled images is helpful for improving the retrieval accuracy when different resolutions of images are available in the database. The properties of both the methods are taken into account using classifier fusion. The results are improved by considering classifier fusion for document image retrieval. Furthermore, more research is required for finding the efficient set of texture features for document image retrieval, which can consider unstructured and complex documents.
